Epidemiological studies have shown that human papillomavirus 58 (HPV 58) is found at a relatively high frequency in east Asia and some regions of Central and South America. To investigate the physical status of HPV 58 and analyse sequence variations of HPV 58 in cervical cancer patients, the HPV 58 genome in 37 HPV 58-positive cervical cancer specimens collected from China were investigated by a mapping analysis based on nested PCR and nucleotide sequencing. A pure integrated genome was found in 78.4 % (29/37) of specimens, which is much higher than that found in previous studies. Multiple disruptions were first found among the integrated HPV 58 genomes in 51.7 % (15/29) of specimens. Among the 7824 bp of the HPV 58 genome, 119 (1.52 %) nucleotide positions were found to be variable, and 45 of them lead to amino acid changes. Phylogenetic analyses, based on partial L1 sequences of 14 variants isolated in previous studies and this study, show that two main groups were observed in HPV 58 variants, the prototype or prototype-like group and the non-prototype-like group.
INTRODUCTION
It is generally accepted that human papillomavirus (HPV) is the primary causal agent of cervical carcinoma (Bosch et al., 2002; Kjaer et al., 1996; Munoz, 2000) and more than 20 oncogenic genotypes are considered to be high-risk due to their strong implication in carcinogenesis (Munoz et al., 2003) . However, most HPV infections are usually transient and regress spontaneously, indicating that high-risk HPV infection alone is insufficient to cause cancer. Additional factors, such as integration and gene variants of the viral genome, may be important in the development of cervical cancer.
Disruption and integration of the HPV genome is an important occurrence in cervical carcinogenesis. Studies have shown that the genome integration of HPV usually disrupts the E2 gene and causes an absence of E2 gene sequences (Jeon & Lambert, 1995) . The lack of E2 gene could lead to the overexpression of the E6 and E7 genes (Romanczuk et al., 1990; Thierry & Howley, 1991) . It has been known that the oncoproteins E6 and E7 form complexes with proteins p53 and Rb (retinoblastoma protein), respectively, leading to disruption of the cell cycle (Giannoudis & Herrington, 2001) . Determination of HPV integration in cervical samples therefore has been proposed as a marker for cervical neoplastic progression. On integration, various lengths of the viral genome may be deleted. Detailed delineation of the deleted region of HPV during integration is important to the understanding of the mechanism and pattern of HPV viral integration in host genomic DNA.
Variations in sequence within HPVs is another viral factor associated with risk of progression to cancer, which may be related to host immune response, persistence, and may also be relevant to the generation of rational vaccine strategies (Wheeler et al., 1997) .
HPV 58 was reported to have a relatively high frequency in women from east Asia (Chen et al., 2006; Huang et al., 1997) and some regions of Central and South America Gonzalez-Losa Mdel et al., 2004) , and it may be considered for production of second-generation HPV prophylactic vaccines. Little information, however, is available regarding physical status and gene variation of the HPV 58 genome in cervical cancer.
In the present study, a nucleotide sequence mapping analysis based on nested PCR using 17 sets of primers covering complete HPV 58 genome was performed in HPV 58-positive cervical cancer specimens isolated from China to investigate the physical status of HPV 58 and to map the deleted region of HPV 58 during HPV DNA integration. The gene variants of HPV 58 genome were determined by IP: 54.70.40.11
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METHODS
Specimen preparation. The present study was carried out with the approval of the ethical committee of Sichuan Tumor Hospital, Chengdu, China, and patient consent was obtained for the collection of cervical cancer tissues. A total of 37 cervical cancer samples obtained from Chinese women who were diagnosed between October 2004 and October 2006 at the Sichuan Tumor Hospital and tested positive for HPV 58 by type-specific E6-E7 gene nested PCR were included in this study.
DNA was extracted from frozen tissue specimens with a DNeasy tissue kit (Qiagen) according to the manufacturer's instructions. Extracted DNA was eluted with 100 ml AE buffer (10 mM Tris, pH 8.5) and stored at 220 uC until it was analysed. The quality of extracted DNA was checked by PCR amplification of the b-globin gene (forward primer 59-CAACTTCATCCACGTTCACC-39 and reverse primer 59-GAAGAGCCAAGGACAGGTAC-39; Stephen et al., 2000) .
Nested PCR. All specimens were tested by a series of nested PCR employing 17 sets of primers covering the complete HPV 58 genome (Supplementary Table S1 , available in JGV Online) to investigate whether the genome of HPV 58 has disrupted and integrated into the host genomic DNA and which regions of the viral genome were lost during investigation. The primers of the first round of amplifications produced 441-808 bp amplicons, and the primers of the second round of amplifications produced 393-687 bp amplicons. The primers of first and second round amplifications overlapped and covered the entire viral genome.
The first-round reaction of nested PCR was performed in a 50 ml reaction mixture containing 16PCR buffer, 2.5 mM MgCl 2 , 200 mM each deoxynucleotide, 0.5 mM sense and anti-sense primer, 5 ml template DNA and 1 U Taq DNA polymerase (Fermentas) with the following conditions: 3 min at 94 uC followed by 40 cycles of 94 uC for 1 min, 56 uC for 1 min and 72 uC for 1 min, and a final 72 uC for 10 min. The second round reaction of nested PCR was performed in a 50 ml reaction mixture, using 2 ml PCR product of first round reactions as template DNA and the same reaction mixture as for the first round. Samples were amplified through 40 cycles of 95 uC for 1 min, 56 uC for 1 min and 72 uC for 1 min, followed by a final 72 uC for 5 min.
Samples positive in all 17 sets of nested PCR, containing the complete genome of HPV 58 DNA and that has been confirmed by sequencing in a pre-experiment were used as positive controls, and the reaction mixture containing no DNA was used as a negative control. When the nested PCR was performed, the product of the negative control in the first round of PCR was used as a template in nested PCR amplification as a negative control to detect any contamination. All the PCR results were confirmed by repeat test, and additional primers were designed and used for further confirmation of the PCR results. The amplified DNA fragments were identified by electrophoresis in a 1.5 % agarose gel stained with ethidium bromide.
Sequence analysis and phylogenetic evaluations. All nested PCR products were sequenced by the fluorescent dye dideoxy termination method with the same forward primers as those used for the second round PCR amplification. The mutations were analysed and determined using the BLAST 2.0 software server (http:// www.ncbi.nlm.nih.gov/blast). The HPV 58 prototype (GenBank accession no. D90400), isolated from a Japanese cervical cancer patient, was used as reference. Each unique sequence variation or pattern of variations was verified by repeat amplification and opposite strand sequencing.
The phylogenetic trees were constructed by the minimum-evolution and neighbour-joining algorithms using MEGA software version 4.0. The GenBank accession numbers of the sequences used are shown in Supplementary Table S3 , available in JGV Online.
RESULTS

Physical status of HPV 58 DNA in cervical carcinomas
A total of 37 cervical cancer tissue specimens infected with HPV 58 were tested by 17 sets of nested PCR. Eight specimens were positive by all sets of nested PCR, implying that these specimens contained the complete genome of HPV 58 DNA with episomal form; the HPV genome in these specimens may exist in pure episomal form or in mixed form that contains both the episomal and the integrated form. In the remaining 29 specimens, the complete HPV 58 genome failed to be amplified, suggesting that the HPV 58 DNA in those specimens was disrupted or lost some region of viral genome and exist in the pure integrated form. Of those, the virus genomes of 14 specimens were found to have one disruption; while the virus genomes in the other 15 specimens were found to have two to four disruptions. Fig. 1 (a) depicts the schematic representation of the retained region of integrated HPV 58 DNA with one disruption. Minimal integrated HPV 58 genomes is present between nucleotides 7557 and 970; the region bounded by oligonucleotides 58LCR05 and 58E702, which contains the entire E6 and E7 open reading frames (ORFs) and part of the long control region (LCR). Three samples that were positive for 16 out of 17 sets of nested PCR contained the longest retained region of HPV 58 genomes after virus integration. The disrupted region of HPV 58 genome in these three specimens appeared at nucleotides 1883-2167 and 2327-2644 in the E1 gene, and nucleotides 2881-3184 in the E2 gene, respectively. These three regions seem to be the commonly disrupted region in the HPV 58 genome; among 14 specimens with one disrupted region, the regions between nucleotides 1883-2167, 2327-2644 and 2881-3184 failed to be amplified in 8, 10 and 12 cases, respectively.
The schematic representation of the retained region of integrated HPV 58 DNA with multiple disruptions is shown in Fig. 1(b) . Besides those three common disrupted regions mentioned above, two additional common disrupted regions were found in these cases at nucleotides 4819-5227, that are located in the middle part of the L2 ORF, and at nucleotides 5820-6033, that are located at the 59 terminus of the L1 ORF. Of these 15 integrated HPV 58 genomes with multiple disruptions, the region between nucleotides 4819 and 5227 failed to be amplified in eight cases, and the region between nucleotides 5820 and 6033 failed to be amplified in 13 cases. ) with multiple disruptions. The hatched region of the HPV 58 genome is that believed to be retained after viral DNA integration. The sequence between nucleotides 7557 and 940 is the minimal retained region of integrated HPV 58 genome. The nucleotide sequences 1883-2167, 2327-2644, 2881-3184, 4819-5227 and 5820-6033 were the commonly disrupted region of integrated HPV 58 genome.
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Sequence analysis of HPV 58 genome in cervical carcinomas
Sequences of the HPV 58 gene fractions amplified by nested PCR from all specimens were determined by direct sequencing analysis, including eight cases with the complete HPV 58 genome and 29 cases with parts of the HPV 58 genome.
In the entire HPV 58 genome, 119 (1.52 %) nucleotide changes were found; of these, 45 lead to amino acid changes when compared with the reference sequence. Three specimens were shown to have an insertion in different nucleotide positions. In one case there was a 6 nt insertion in the E1 ORF between nucleotides 1117 and 1118, which encodes the amino acids N (Asn) and D (Asp) after amino acid 78. The second specimen had a 12 nt insertion in LCR between nucleotides 7278 and 7279, and the third had a 1 nt insertion in the L1 ORF between nucleotides 6950 and 6951, resulting in a frameshift after amino acid 462 and premature truncation of the translation. All nucleotide sequence variations in specimens are listed in Supplementary Table S2 , available in JGV Online, and Table 1 shows the nucleotide and amino acid sequence variability for each region or ORF of the HPV 58 genomes.
Phylogenetic analysis based on the HPV 58 complete genome from nine isolates (including the HPV 58 reference genome and eight complete genomes isolated in this study) showed that these HPV 58 isolates separated in two deep phylogenetic branches and formed two related nodes. The paralleled phylogenetic analysis based on the sequences of the minimal conserved region (between nucleotides 7557 and 970) of viral integration from these nine isolates demonstrated that these HPV 58 variants segregate into similar clusters as shown for the complete genome (shown in Fig. 2 ). This result suggests that the nucleotide sequence of the minimal conserved region of viral integration may be capable of reflecting the HPV 58 genomic lineage relationship partially, if the complete virus genome is difficult to isolate after virus integration. Comparing the nucleotide sequences of this region from 37 specimens with the HPV 58 prototype, 16 variants (including the prototype) were identified, including 23 nucleotide exchanges (shown in Table 2 ). Among these, the prototypes (variant 4) were the most common variants, found in ten specimens, followed by variant 5, variant 3, variant 2 and variant 15, found in six, five, three and two specimens, respectively. The remaining 11 of the 16 variants were found in only one single specimen.
DISCUSSION
In this study, 37 HPV 58-positive samples previously detected in our studies were investigated to specify the physical status of HPV 58. We found that the HPV 58 DNA in eight specimens containing the complete genome sequence exist in a pure episomal or mixed form. The HPV 58 genome in 29 (78.4 %) out of 37 specimens was in pure integrated form. The proportion of pure integrated form detected in this study is much higher than in previous studies of both HPV 58 and HPV 16 (Arias-Pulido et al., 2006; Chan et al., 2007; Ho et al., 2006; Qiu et al., 2007) . The possible reason for this is that the HPV 58 in many specimens included here exists at a much lower viral load and was only detectable by nested PCR methods. Due to the sensitivity limit of the detection methods employed, such low viral load infections might have been generally ignored in previous studies. Besides, in the present study, the physical status of HPV was determined by the results of PCR using primers targeted to the whole genome of HPV 58, which can avoid the deviation caused by detecting the disruption of a single HPV 58 gene, such as the E1 or E2 gene, as an indicator of DNA viral integration.
In the 29 completely integrated HPV 58 isolates, 15 cases were found to have multiple disruptions in the HPV 58 genome. There is, to our knowledge, no previous report on phenomena of the multiple disruptions found in the integrated HPV genome. The mechanism of action and biological activity of the multiple disruptions of HPV genome remain unclear and require further investigation. Three regions located in the E1 and E2 genes and two regions located in the L1 and L2 genes were found to be the commonly disrupted region of HPV 58 genome during viral integration. All completely integrated HPV 58 genome isolated in this study have disrupted or lost at least part of nucleotide sequence between nucleotides 1883 and 3184, indicating that detection of the loss of this sequence might be an ideal marker for PCR-based determination of HPV 58 integration.
Studies in HPV 16 and 18 noted that the HPV variants may have different oncogenic potential (Hildesheim et al., 2001; Lizano et al., 1997; Matsumoto et al., 2000; Villa et al., 2000) . In this report, the nucleotide sequences of and codon variations within HPV 58 genomes, including eight cases with the complete HPV 58 genome and 29 cases with parts of the HPV 58 genome, were determined. Among each ORF of the HPV 58, the amino acid changes frequency in E7 was the highest, followed by E4, E1, E6, E5, L2, L1 and E2. The E6 and E7 proteins of human papillomavirus have important functions in the development of cervical cancer, but few studies have examined the sequence variations in the E6 and E7 genes of HPV 58 and their risk association with the development of cervical neoplasia (Chan et al., 2002; Xin et al., 2001) . In this study, six nucleotide changes were found in the E6 ORF, compared with the reference, and three of them lead to amino acid changes. The nucleotide change a388c (LysAAsn, K93N) was the most common variant, found in 17 of 37 specimens; this was previously described in 
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HPV 58 samples from a cervical cancer patient from Hong Kong (Chan et al., 2002) . In the E7 ORF, nine nucleotide changes were found, and eight of them lead to amino acid changes. The nucleotide changes t744g and t803c (ValAAla, V77A) were the most common variants, found in 19 and 17 specimens, respectively; the variants c632t (ThrAIle, T20I) and g760a (GlyASer, G63S), reported as having an associated increased risk for cervical cancer in Hong Kong (Chan et al., 2002) , were found in only one specimen in this study.
The E2 protein is predominantly involved in viral replication, and the expression of E6 and E7 genes is under its control (Androphy et al., 1987; Lewis et al., 1999; Storey et al., 1995) . The E2 protein consists of two functional domains linked by a hinged region. The transactivation domain consists of approximately 200 aa at the N terminus, and the C-terminal 100 aa contain the DNA-binding and dimerization activities (Hegde et al., 1992) . In the present study, the HPV 58 genomes in 21 out of 37 specimens were found to have lost the entire or part of the E2 gene. The disruption of the viral E2 gene can result in the removal of its repressor effect on the E6/E7 promoter. Among the sequences of E2 gene in the remaining 16 specimens, nine nucleotide changes were found, and four of them lead to amino acid changes. Three of the amino acid changes (SerAAla, ValALeu and LeuAPhe; S279A, V282L and L340F) were located in the C-terminal domain and one (SerAAla, S236A) was located in the hinged region. No amino acid changes were found in the transactivation domain of HPV 58 E2 protein, which could mean that the amino acids in the transactivation domain of HPV 58 E2 protein are quite conserved, compared with HPV 16 (Chen et al., 2005) .
Expression of the human papillomavirus early genes was regulated on the transcriptional level by specific proteinbinding sites contained in the viral LCR (Kurvinen et al., 
*Variants identified in present study. DVariants previously reported by Stewart et al. (1996) . dVariants previously reported by Calleja-Macias et al. (2005) . §Variants previously reported by Tornesello et al. (2007 Information about variants in HPV is also an important resource for studies of viral evolution (Chan et al., 1995) . Previous studies have identified several isolates of HPV 58 from different areas of the world based on partial L1 sequences (Calleja-Macias et al., 2005; Stewart et al., 1996; Tornesello et al., 2007) . Based on the same region of L1, six variants were identified in this study. To investigate the relationship between the HPV 58 variants isolated from different geographical and ethnic backgrounds, phylogenetic analyses were performed using both the variants isolated in this study and those previously described (Table 3 ). Fig. 3 shows the relationship between the HPV 58 isolates based on the unweighted pair group mean average (UPGMA) algorithm and the neighbour-joining algorithm. In these variants of HPV 58, two major groups were observed. Eight of the variants were classified as part of a prototype or prototype-like group; all variants within this group either had no nucleotide change or had only one change. Four of the HPV 58 variants fell into the nonprototype-like group, with 4-7 substitutions when compared with the reference sequence; four of these nucleotide changes (a6798g, g6822a, c6827a, a6828g) were common to all four variants and seem to be 'marker' substitutions of this group. One variant observed in a Bolivian specimen shared three 'marker' substitutions at g6822a, c6827a and a6828c. The remaining variant, observed in the Philippines, appeared as an intermediate isolate between the prototype/ prototype-like group and the non-prototype-like group, sharing some of the 'marker' substitutions from both groups. All variants identified in this study were included in the prototype/prototype-like group. No African specimens were included in the prototype/prototype-like group, and no Asian specimens in the non-prototype-like group, while European and American specimens were included in both groups. Tree is based on the minimum-evolution (ME) algorithm. The GenBank accession numbers of the sequences used are shown in Supplementary Table S3 .
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In summary, the physical status and variants of HPV 58 genome in 37 cervical cancer specimens isolated from China was investigated in this study. The results show that the proportion of pure integrated form of HPV 58 detected by nested PCR in this study is much higher than that detected in previous studies, and an interesting finding of the present study is that in several specimens, the integrated HPV 58 genomes were found to have multiple disruptions. Compared with the HPV 58 reference, 119 (1.52 %) nucleotide positions were found to be variable in the 7824 bp HPV 58 genome. These proportions are rather low when compared with similar studies of HPV 16. This may be due to the fact that all the variants isolated in this study were included in the prototype/prototype-like group.
